reveal a distorted tetrahedral environment of the nickel atom. The gold(I) atom in 3 exhibits a very long Au-Cl bond of 296.2(1) pm. In contrast to the nickel complexes, compound 3 shows strong agostic interactions between gold(I) and a methylene fragment.
Introduction
Bidentate phosphane ligands of the type Ph 2 P-XPPh 2 with organic linkers X play an important role in coordination chemistry and catalysis for the stabilization of low oxidation states and catalytic cycles (for reviews on recent developments on phosphane bases see [1 -9] ). Many of these derivatives are commercially available and represent commonly used bidentate Lewis bases; prominent representatives include chelate bases with X being CH 2 (dppm), (CH 2 ) 2 (dppe), (CH 2 ) 3 (dppp), and ferrocene-1,1 -diyl (dppf). These ligands offer plenty of possibilities of variations in order to tune electronic and steric properties and, hence, offer a rich coordination chemistry. Substituents at the phenyl groups and at the X backbone as well as the rigidity of X strongly influence the coordination behavior.
Therefore it is not surprising that these ligands of the general type Ph 2 P-X-PPh 2 play key roles in the coordination chemistry of nickel(0) and gold(I) complexes. Numerous nickel(0) and gold(I)complexes of these bis-phosphanes are known containing bridging or bidentate ligands. Easily accessible N,N -bis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine (1) [10] represents a bidentate diphosphane with a preorientation of the phosphane bases easing bidentate coordination behavior. Reactions of this bis-phosphane 1 with Rh(Cl)(PPh 3 ) 3 and Ir(Cl)(CO)(PPh 3 ) 2 generate a carbene leading to the formation of a pincer complex with metal-carbon bonds stabilized by coordination to the phosphane bases [10] . We were interested in the coordination behavior of 1 toward important catalytically active transition metals and therefore, medium hard nickel(0) and soft gold(I) fragments were chosen. Whereas nickel-mediated catalysis has been well-known for many years [11] , gold-based reactions gained much interest only quite recently (for a selection of recent reviews see refs. [12 -19] ).
Results and Discussion
In order to study the coordination behavior of bis-phosphane 1, Ni(cod) 2 (cod = cycloocta-1,5-diene) was suspended in THF, and N,N -bis
was added (Eq. 1). In order to study the coordination behavior of N,N -bis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine (1) toward a very soft cation, this bis-phosphane and [(Ph 3 P)AuCl] were combined in a Schlenk flask and dissolved in methanol (Eq. 1). After one week, the yellow solution was diluted with pentane and stored at -30 • C. Colorless crystals of the addition product [(1)(Ph 3 P)AuCl]·3MeOH (3) precipitated. In the 31 P{ 1 H} NMR spectrum two resonances at δ = +30.1 and + 24.0 ppm were observed for the PPh 3 ligand and coordinated 1, respectively. Again, a significant low-field shift of the 31 P NMR resonance of 1 was detected. In the 1 H NMR spectrum the resonance of the N-CH 2 -N fragment of the perimidine backbone (δ = 1.34 ppm) exhibits a remarkable highfield shift. In free 1 a chemical shift of δ = 4.21 ppm was observed for these hydrogen atoms.
The molecular structure of 2b is depicted in Fig. 1 ; the molecular structure of 2a is very similar, however, the quality of the structure analysis is slightly reduced due to large voids containing disordered solvent molecules. Selected structural parameters of 1, 2a, 2b, and 3 are listed in Table 1 . The P-C aryl bonds to the phenyl groups are significantly shorter than the P-C alkyl distances to the methylene moieties. The P1-Ni1-P2 bond angles of 108. Table 2 . The values of 2a and 2b lie in the expected regions with the Ni-P distances at the lower end. The P-Ni-P bond angle of the bidentate phosphane 1 is comparable to the value of [(cod)Ni(PPh 3 ) 2 ] [5] supporting the lack of steric strain.
The molecular structure of the gold(I) complex 3 is shown in Fig. 2 . The striking structural feature is the elongated Au-Cl bond. In starting [(Ph 3 P)AuCl] with dicoordinate gold(I) an Au-Cl distance of 229.03(4) pm is observed [25] , whereas in 3 with a tetracoordinate gold(I) center an elongation of 67 pm for the Au1-Cl1 bond is found. The Au1-P distances vary in the very narrow range from 236.8(1) to 238.6(1) pm and are elongated compared to that in [(Ph 3 P)AuCl] (Au-P 223.13(4) pm [25] ) due to the larger coordination number. The P1-Au1-P2 bond angle of 124.2 (1) • of the fragment [(1)Au] is significantly larger than that observed for the nickel complex 2. The sum of the angles Σ(P-Au-P) of 355.3 • (only considering the P-Au-P angles and neglecting the chloride coordination) supports the interpretation of a distorted trigonalplanar coordination of gold(I) by three phosphane ligands. A covalent interpretation could assume a sp 2 hy- a Distance between nickel and the midpoint of the C=C double bond; b average P-N bond lengths. In Table 3 the coordination environments of tetracoordinate gold(I) atoms in complexes with one chloro and three phosphane ligands are compared. Remarkably, the Au-Cl distances vary within a large range from approx. 251 to 301 pm with complex 3 being at the high end of this region. The smallest value was observed for [{(Ph 2 PC 6 H 4 ) 2 PPh}AuCl] with a tridentate ligand with a rather small bite allowing only a small sum of the angles Σ(P-Au-P) of 293.5 • [33] . Despite the variation of the Au-Cl distances, the Au-P bond lengths lie in a rather narrow range.
Another remarkable feature is the agostic bonding in the gold(I) complex 3. In Fig. 2 , this bonding is shown with a dashed line between Au1 and the C1-bound hydrogen atom H1B C1 (Au1···H1B 294 pm). The corresponding Au1···C1 distance of 359.3 pm is significantly smaller than the corresponding value in the nickel complex 2b (N1-H1 C1 345 pm, Ni1···C1 397.3 pm) despite the fact that Ni(0) has a smaller radius than Au(I) as evidenced by the metal-phosphorus bond lengths (av. Ni-P 216.8 pm, Au-P 237.7 pm). Two kinds of interactions between metal atoms and C-H bonds can be distinguished [36] (for reviews on agostic interactions see e. g. [37 -41] ). On the one hand, agostic bonds consist of a side-on-bound C-H bond to a metal atom and can be considered as a closed 3-center-2-electron bond with small M-H-C angles and rather short M···H and M···C contacts. On the other hand, anagostic interactions are of largely electrostatic nature and can be described by an open 3-center-2-electron bond with large M-H-C angles and rather large M···H and M···C distances. In the gold(I) complex an Au1···H1B-C1 bond angle of 124.7 • hints toward an agostic interaction.
Conclusion
The N-bound diphenylphosphanylmethyl side arms of N,N -bis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine (1) introduce steric strain leading to significantly different sums of the angles at the nitrogen atoms. Coordination of Lewis acids and formation of tetracoordinate phosphorus atoms lead to a significant low-field shift of the 31 P{ 1 H} resonances with the largest value of δ = 33.3 ppm for the nickel complex 2. In comparison to the other derivatives, the gold(I) complex 3 shows a remarkable high-field shift (δ ( 1 H) = 1.34 ppm) for the methylene protons of the perimidine unit. This finding hints toward a close contact between the heavy noble metal and the protons (agostic interaction). These attractive interactions between Au1 and C1 in complex 3 enforce a significantly widened P1-Au1-P2 bond angle of 124. 2(1) • . In addition, this attraction between the gold(I) atom and the N1-CH 2 -N2 moiety leads to an acute N1-C1-N2 bond angle and to rather small N-C-P angles. In the nickel complex 2, there are repulsive forces between this fragment and the metal atom as evidenced by an acute P1-Ni1-P2 angle of 108. 4(1) • . In addition, a large N1-C1-N2 bond angle of 112.0(4) • and widened N-C-P angles are observed.
The influence of Lewis acids on the structural parameters of 1 is rather small. Coordination of nickel(0) and gold(I) leads to the formation of an eight-membered ring. In these metallacycles the coordination sphere of the nitrogen atoms is flattened (the sums of the angles Σ(C-N-C) are enlarged), and in the gold(I) derivative 3 an almost trigonal-planar environment is observed. The pyramidalization of the phosphane bases is much less influenced by the binding of Lewis acids.
N,N -Bis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine (1) is available by a simple straightforward procedure and therefore resembles an attractive bidentate ligand for transition metals. The low-oxidized nickel(0) and gold(I) fragments are stabilized and exhibit only a moderate sensitivity toward moisture and air at ambient conditions. The nickel(0) complexes 2 are significantly more durable under ambient conditions than [(cod) 2 Ni] and could offer an alternative as a precatalyst in nickel-mediated catalysis.
Experimental

General comments
All manipulations were carried out under an inert argon or nitrogen atmosphere using standard Schlenk techniques. The solvents were dried according to standard procedures. Deuterated THF and benzene were dried over sodium, degassed, and saturated with argon. The yields given are not optimized. 1 H and 13 C{ 1 H} NMR spectra were recorded on Bruker AC 200, AC 400 or AC 600 spectrometers. Chemical shifts are reported in parts per million (ppm) relative to Me 4 Si ( 1 H, 13 C) or relative to phosphoric acid ( 31 P) as external standards. The residual signals of [D 8 ]THF or [D 6 ]benzene were used as internal standards. Starting bisphosphane 1 was prepared according to a literature protocol [10] .
Synthesis of (η 4 -cycloocta-1,5-diene)-{N,N -bis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine}-nickel(0) (2)
To a suspension of 432 mg of (cod) 2 Ni (1.57 mmol) in 4 mL of THF, a solution of 890 mg of N,Nbis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine (1) (1.57 mmol) in 8 mL of THF was slowly added. The reaction mixture was stirred for 3 d. Then the volume of the solution was reduced, and storage at 4 • C yielded 0.284 g of yellow crystalline 2(THF) 3 
Synthesis of chloro-{N,N -bis(diphenylphosphanylmethyl)-2,3-dihydro-1H-perimidine}-(triphenylphosphane)-gold(I)
(
Crystal structure determinations
The intensity data were collected on a Nonius KappaCCD diffractometer using graphite-monochromated MoK α radiation. Data were corrected for Lorentz and polarization effects but not for absorption [42, 43] . The structures were solved by Direct Methods (SHELXS [44] ) and refined by full-matrix least-squares techniques against F 2 o (SHELXL-97 [44] ). The crystal structure of 2a contains large voids, filled with disordered solvent molecules. Their contribution to the structure factors was secured by back-Fourier transformation using the routine SQUEEZE as incorporated in the program PLATON [45] .
All hydrogen atoms of 1 and 2b were located by difference Fourier syntheses and refined isotropically. All other hydrogen atoms were included at calculated positions with fixed isotropic parameters. All non-disordered, nonhydrogen atoms were refined anisotropically [44] . Crystallographic data as well as structure solution and refinement details are summarized in Table 4 . XP (Siemens Analytical X-ray Instruments, Inc.) was used for structure representations [46] . CCDC 974493 (1), 974495 (2a), 1013051 (2b), and 974496 (3) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc. cam.ac.uk/data_request/cif.
